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Introduction:  A new modelling method suited to 
the dual circular polarised 2x2 (MIMO) channel 
applicable to land mobile satellite (LMS) 
communications in line of sight cases is presented. In 
this scenario, it is necessary to apply correlated fading to 
the co-polarised and cross-polarised channels separately 
in order to model the evident polarization multiplexing 
in such channels found from measurement data. 
Comparisons between model and measured data for 
satellite elevations of 30
o
 are presented for validation. 
Influence of the vehicle interior on the channel model is 
also analysed. 
 
The first section of this paper will describe the 
rationale behind an LMS-MIMO channel, while the 
following section will describe the model procedure to 
be applied. The following section will then describe the 
LMS-MIMO measurement campaign carried out in a 
suburban environment with 30
o
 elevation from which 
results will compare the eigenvalue analysis of both the 
model and the measured data to act as a validation. 
 
Background Channel Model: The LMS MIMO 
channel is illustrated in the vehicular case in figure 1. 
The satellite will use directional dual circular polarised 
antennas while the two mobile antennas are omni-
directional and circular polarised. It is also possible that 
omni-directional antennas on a mobile television handset 
could be used inside the vehicle, such that the 
measurements included in this paper consider the 
channel model for both on top of the vehicle and inside 
the vehicle, which would be applicable to using MIMO 
for digital video broadcasting standards, DVB-SH 
(satellite to handset) and DVB-NGH (next generation 
handheld) [1].  
 
Fig.1: Illustration of the dual circular polarised LMS 
MIMO channel 
The MIMO channel matrix for an LMS case is as 
follows where there are two co-polar components: two 
right hand to right hand, hRR, and two left hand to left 
hand, hLL, while there are two cross polar elements: right 
hand to left hand, hRL, and two left hand to right hand, 
hLR, 
 
 
 
 
 
(1) 
 
       The channel matrix is therefore a multiplicative 
noise component by the input bit stream vector x(t) so 
that the output bit stream at the mobile, y(t) has the 
following relation with additive white Gaussian noise, 
n(t): 
 
( ) ( ) ( ) ( )tttt nxHy +=   
(2) 
 
The MIMO channel matrix is a simple 2x2 scenario, 
which gives modelling of LMS MIMO an advantage 
over terrestrial LMS MIMO systems traditionally 
employing spatial multiplexing with higher order MxN 
cases. However, the unique aspect of MIMO for LMS is 
that it is based upon circular polarization and there is 
commonly a line of sight. This motivates the need for a 
channel model for the small scale fading aspects, not 
accommodated in existing LMS MIMO channel models 
[2][3][4], which consider an interdependence between 
the co-polar elements and the cross-polar elements 
recently devised by the authors in [5]. This paper brings 
further validation of this model, with a further 
measurement campaign carried out in a scenario where 
there is a more typical 30
o
 elevation angle for the 
satellite and also the effects of the in-vehicle scenario, 
where there is still a line of sight link through the 
vehicle’s windscreen.  
 
For reference of how this modelling technique fits 
within a full LMS-MIMO channel model, the small scale 
fading is modelled in this paper assuming that the small 
scale fading is in a state where there is a line of sight 
present. It is well known that channel models will follow 
a Markov chain [6] to switch between levels of high 
shadowing and low shadowing, where in the latter case 
there would be a line of sight. It is therefore assumed 
that the small scale modelling is taking place in a low 
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shadowing scenario and therefore can be implemented 
directly into the relevant Markov states.  
 
For cases of a high Markov chain state, where there 
is normally a line of sight, the well known Kronecker 
model can be applied and has been seen in for LMS-
MIMO [4]. In such cases, the channel is assumed to be 
separable so that the model can be developed purely 
based on the correlation at the transmit and receive ends 
of the MIMO link [7].  
 
Small Scale Modelling Procedure: In the case of 
channels using the Kronecker model, all of the transmit 
and receive branches are correlated independently of 
each other. For line of sight LMS-MIMO links, this 
principle does not work because Kronecker does not take 
account of the interdependence between the co polar 
channels, hRR and hLL, which are very strongly correlated 
in such a case. The two cross polar channels, hRL and 
hLR, will likewise have some correlation. For 
completeness the correlation between the co-polar and 
cross-polar channels should be taken into account as a 
third step in the model, but this can be often ignored 
since it is low enough to not be significant. 
Experimentation with the Kronecker model in the past 
has shown that such levels of correlation are more 
critical for higher order MIMO systems such as 4x4 [7]. 
The fact that dual circular polarised MIMO cannot go 
beyond a 2x2 therefore simplifies the model procedure. 
 
In order to apply the correlation of the co-polar and 
cross-polar components, the following correlation 
matrices are applied, RCP and RXP respectively: 
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At this point, it should be noted that the fading will 
form that of a Rice distribution given a line of sight. 
However, only the Rayliegh parts of the Ricean channels 
should be correlated at this stage. Therefore a vector of 
the two co-polar channels, hRR and hLL, can be created 
and defined as hCP|small, where the two channels are 
independently identically distributed. The correlated 
vector, hCP|small|C can therefore be derived by applying the 
correlation matrix as follows: 
 
smallCP|
2/1
CPsmall|CCP| hRh =  
 
(5) 
 
Where the superscript, 
1/2
, represents the Cholesky 
factorisation. Likewise the same can be done for the 
cross polar components, which will obviously have a 
lower mean than that of the co-polar channels due to the 
de-polarisation. Once this change in standard mean is 
accounted for, the same correlation can be applied as 
follows: 
 
smallXP|
2/1
XPsmall|CXP| hRh =  
 
(6) 
 
Finally, the Rayleigh parts and Rice parts can be 
integrated together to form a complete channel of the 
correlated co-polar and cross-polar components, which 
will all be denoted as hRR|C, hLL|C, hLR|C and hRL|C thus:  
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Where K is the rice factor and θ is the line of sight 
phase for co-polar and cross-polar cases where relevant. 
XPD is the cross polar discrimination defined as the ratio 
of co-polar power to cross-polarised power. This is due 
to the impurities in the antennas and the average de-
polarisation of the radio environment. It is assumed that 
XPD is the same whether the transmitter is left hand or 
right hand. For the Rayleigh part of the signal, the 
depolarisation is already inherent within that part of the 
channel. Note that this approach to the model does not 
consider second order statistics, if the correlated 
Rayleigh part did include second order statistics, then 
equation (7) would need to be modified so that the Rice 
components were represented as phasors and including 
the relevant Doppler shift for the line of sight component 
[8]. 
 
Measurement Setup: To validate the model, a 
measurement campaign was carried out in a suburban 
area of Guildford, UK as illustrated in figure 2. Two 
directional transmitting antennas (right hand and left 
hand circular polarised) were placed on top of a tower 
block with an Elektrobit Propsound MIMO channel 
sounder to act as an artificial satellite platform, which 
could then transmit a 2.5GHz wideband impulse pseudo 
random sequence to a vehicle receiver. The switching 
configuration on the channel sounder enabled  
simultaneous 2x4 MIMO results to be obtained, which 
would allow a direct comparison between the 2x2 
MIMO link to the top of the vehicle, which could be 
compared with the other 2x2 MIMO link into the 
vehicle.  
 
 
Fig.2: Ariel view of the measurement run using a 
tower block as the artificial platform 
 
At the mobile were two omni-directional antennas on 
the roof of the vehicle, as illustrated in figure 3, both of 
which had identical field patterns while one was right 
hand circularly polarised and the other left hand.  
 
 
Fig. 3 Illustration of omni-directional circular polarised 
antennas mounted on top of  a vehicle.  
 
In the vehicle interior, of the vehicle, the other two 
receiver antennas were found that consisted of two 
folded quadrifilar helix antennas as illustrated in figure 
4. These two antennas were mounted in a way to 
represent two circularly polarised antennas that would be 
mounted to a receiver handset in the case of DVB-SH, 
that would equally apply to the vehicle mounted 
antennas. During measurement, the user was handling 
the handset in a stationary position with the antennas 
facing the vehicle’s windscreen so that the line of sight 
was maintained. The two quadrifilar helix antennas were 
wound in opposite directions so that they would act as a 
left hand and right hand circularly polarised antennas. 
The distance from the tower to the vehicle meant that the 
elevation angle was comparable to that of 30
o
, which is 
therefore reflecting a typical LMS scenario. 
 
 
Fig. 4: Illustration of two circular polarised folded 
quadrifilar helix antennas used to represent an in-vehicle 
measurement case on a receiving handset. 
 
The measurements were carried out at a point 
approximately 200m away from the tower, which was 
just beyond 100m high thus enabling 30
o
 elevation. A 
clinometer was used to clarify that the elevation angle 
was as required. 
 
Measurement Results: Using a suitable location 
with measurement data showing the 30
o
 elevation, two 
sets of samples were taken both onto the roof of the 
vehicle and to the inside. In all cases the co-polar and 
cross-polar values are taken as an average between the 
two corresponding channels as summarised in table 1. 
These extracted values could then be applied directly to 
the model for the purposes of comparing measured 
channel data against modelled data. 
 
Value Roof In Vehicle 
KCP (Linear) 29.0 6.94 
KXP (Linear) 3.69 4.07 
rCP -0.83 - j0.48 -0.95 
rXP -0.41 - j0.63 -0.77 + j0.1 
XPD (dB) 12.4 9.67 
Table 1: Summary of channel parameters used for model 
validation. 
 
Eigen Analysis: To validate the model, it is most 
appropriate to compare the eigenvalue cumulative 
distributions, which are related to the channel as follows 
[7]: 
 
HH VSVHH =   
(8) 
 
Where V is the eigenvector matrix and S is a 
diagonal 2x2 matrix in this case containing the two 
eigenvalues. It is useful to analyse the distributions of 
the eigenvalues in figures 4 and 5 because they are close 
together and in parallel, which indicates a strong 
polarization multiplex rich environment. This is not 
typically seen in conventional terrestrial mobile systems, 
requiring the need for a new model exploiting the two 
strongly orthogonal polarisations, which is in good 
agreement with measured data both for in-vehicle and 
out of vehicle cases. Even though the vehicle will 
inevitably cause more local scattering as well as some 
interaction from the user, the channel is still highly 
polarisation multiplexing rich as opposed to diversity 
rich, which enables alternative lower effort technologies 
to be deployed instead of MIMO such as dual circular 
polarisation multiplexing (DCPM) [9]. 
 
 
Fig.4: Comparison of eigenvalues for measured and 
modelled data outside the vehicle. 
 
 
Fig.5: Comparison of eigenvalues for measured and 
modelled data inside the vehicle. 
 
Conclusion: A new model for the small scale fading 
characteristics, that can be directly inserted in to the 
suitable states in a Markov chain has been presented in 
this paper. An alternative method of applying correlation 
to that of the traditional Kronecker method has been 
presented, which accommodate the unique circular 
polarisation multiplexing characteristics of an LMS-
MIMO channel.  
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